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Objectives. Angioplasty is often used in the management of lower limb ischaemia and can reduce the need for infraingui-
nal bypass in some patients. There is an associated failure rate with this technique and bypass surgery is often used in this
situation as a secondary limb salvage procedure. We aimed to evaluate the outcome of infrainguinal bypass grafting
following failed attempt at angioplasty.
Methods. All cases of infrainguinal bypass at a single centre over a seven year period were identified and notes reviewed.
Cases were divided into four groups according to their indication for surgery; acute ischaemia, chronic critical ischaemia,
failed angioplasty and an ‘other’ group including aneurysmal disease and claudicants. The failed angioplasty group was
compared with the other three groups. Survival analysis was performed using Kaplan Meier curves and groups compared
in terms of long term patency and survival.
Results. Primary patency was 61.2% in the failed angioplasty group at 12 months compared with 60.6% in the other
groups (P¼ 1.11). There was also no significant difference in primary patency at 60 months (50% vs 40.6%,
P¼ 0.26). Survival at 12 months was also comparable between the groups (failed angioplasty group 74.2% compared
with 77.3% in the other groups, P¼ 0.662) as was 60 months survival (33.3% and 35.4% respectively, P¼ 0.166).
Discussion. In this study, outcome of infrainguinal bypass following failed angioplasty was comparable to outcome of
surgery performed for another indication. This paper supports the use of distal bypass surgery for limb salvage in cases
where minimal access techniques have failed.
Keywords: Infrainguinal bypass; Outcome; Angioplasty.Introduction
Infrainguinal bypass grafting (IIB) has traditionally
been the standard treatment for lower limb ischaemia.
Controversies still exist over choice of graft material1e3
and traditional outcome measures such as graft
patency and mortality have been suggested to over-
estimate success.4,5 In an effort to improve patencies
and reduce wound complications a number of mini-
mal access approaches have been attempted however
these have seen variable results and have not yet
found a place in routine clinical practice.6,7
Over the last 10 years, angioplasty has provided an
alternative to bypass surgery in many cases. Evidence
suggests that outcome following lower limb angio-
plasty may be comparable to surgery, producing
patencies of up to 79% at six months and 64% at
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achieved at angioplasty are reported at around
85%.9 Angioplasty may be unsuccessful due to a num-
ber of reasons: (1) Failure to cross the occlusion; (2)
distal embolisation; (3) perforation of vessel; (4) fail-
ure to re-enter the lumen (in the case of a subintimal
approach); (5) early re-occlusion.
In cases where angioplasty has failed, decisions re-
garding further management may be difficult. It may
be that angioplasty has failed because of poor ‘run-
off’ vessels, and therefore attempt at bypass surgery
would also be likely to fail. In addition to this, the pa-
tient population are often elderly with significant
co-morbidity and may have a poor outcome from
a lengthy bypass procedure.
Currently, no reports describe outcome of IIB follow-
ing failed attempt at angioplasty. The aim of this study
was to determine the outcome of infrainguinal bypass
following failed angioplasty and compare this with
grafts performed for other indications in order to aid
decisionmakingwhen facedwith this clinical scenario.rved.
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A retrospective review of the case notes of patients
undergoing infrainguinal bypass at a single centre
during a seven year period from January 1995 to
December 2002 was performed. Notes were reviewed
by a single investigator (RMS) and details recorded re-
garding patient demographics, co-morbidity, anaes-
thesia, graft type and post operative course. Patients
were then divided into 4 groups according to their in-
dication for surgery. Group 1 underwent surgery for
an acutely ischaemic limb, group 2 for a chronic criti-
cally ischaemic limb (defined by rest pain or tissue
loss) without prior attempt at angioplasty, group 3
had operations following a failed attempt at elective
angioplasty for peripheral vascular disease and group
4 had another indication for bypass, commonly clau-
dication or popliteal aneurysm.
Patients with lesions considered to be suitable for
angioplasty underwent primary angioplasty in the
first instance, and those patients in group 2 who
went straight to surgery had lesions considered un-
suitable for angioplasty. Angioplasty was considered
to have failed if the procedure was technically unsuc-
cessful or re-occluded before the first post-procedure
clinic visit at 6 weeks. All patients were followed up
after IIB with duplex ultrasound scans 6 monthly in
a Graft Surveillance Clinic.
Patencies and survival data were collected from the
notes. Patients were censored from further analysis at
the time of death with a functioning graft. Primary
patency was defined as uninterrupted patency, not
requiring any additional procedures, and secondary
patency described grafts which required intervention
following thrombosis.
Statistical analysis was performed using the SPSS
statistical package version 12.0. Survival analysis
was performed using Kaplan Meier curves. A proba-
bility value of <0.05 was taken to be significant.
Results
There were 273 grafts performed over the study period
in a total of 252 patients. Notes were available for 202
of the patients who underwent 208 grafts. Where notes
were unavailable, patients were excluded from the
analysis but clinic letters were reviewed to ensure
there was no selection bias. Demographic data are
shown in Table 1. Cardiovascular risk factors were
similar in all groups except for diabetes which was
more common in the failed angioplasty group
(33.3% diabetic vs 10.1% diabetic in other groups
combined).Eur J Vasc Endovasc Surg Vol 34, July 2007There were 42 grafts performed for acute ischae-
mia, 60 for critical ischaemia, 66 for failed angioplasty
and 40 in the ‘other’ category. The small number of
grafts performed for critical ischaemia over this time
period (group 2) reflects the policy of our centre to
perform primary angioplasty for all lesions consid-
ered suitable. Indications for angioplasty varied, but
were often for critical ischaemia (defined by rest
pain or tissue loss) associated with superficial femoral
artery and ‘run off’ vessel occlusion (see Table 2). 23
(35%) patients underwent intraluminal angioplasty
for stenoses, where 43 (65%) underwent subintimal
angioplasty for occlusion. Seven of the 66 (11%) grafts
in group 3 (the failed angioplasty group) were per-
formed as an emergency due to distal embolisation
during angioplasty. Other reasons for failure of angio-
plasty included failure to cross the stenosis in 22% of
cases, perforation in 13% of cases, heavy calcification
in 6% and early re-occlusion in 31%. In 17% of cases,
angioplasty was not possible due to the presence of
fresh thrombus. Of those in group 4, there were 11
grafts performed for claudication, 16 for popliteal
aneurysms and 3 following lower limb trauma.
During the study period, there were 3802 angio-
plasties performed. The failure rate from angioplasty
at our centre has been previously reported to be
2.3% (defined as requiring immediate surgical inter-
vention for bleeding or ischaemia).10 The series
reported here considers only those requiring infrain-
guinal bypass grafting and other emergency surgical
procedures such as embolectomy or false aneurysm
repair have not been included. Patients were consid-
ered for surgery in the event of a failed angioplasty
(or early reocclusion) based on individual factors
such as co-morbidity, presence suitable ‘run off’ ves-
sels to graft and patient wishes.
The level of the graft was recorded as above knee
femoropopliteal (AKFP), below knee femoropopliteal
Table 1. Demographic data
Group Number of
patients
Median Age
(range)
%
Male
IHD
(%)
[BP
(%)
DM
(%)
1 42 67 (30e87) 83% 10 (24) 12 (29) 3 (7)
2 60 75 (45e92) 63% 16 (27) 23 (38) 11 (18)
3 66 77.5 (33e92) 45% 18 (27) 38 (58) 22 (33)
4 40 62 (24e85) 85% 6 (15) 8 (20) 2 (5)
Where IHD¼ ischaemic heart disease (defined as previous myocar-
dial infarct or angina), [BP¼ hypertension (defined as currently
treated with antihypertensives) and DM¼ diabetes.
Table 2. Pattern and level of disease in group 3
Clinical presentation SFA Popliteal Infragenicular
Critical Ischaemia 26 7 12
Claudication 14 3 4
31Infrainguinal Bypass Grafting(BKFP) or femorodistal (FD). The graft material used
was recorded as in situ vein graft (ISVG), reversed
vein graft (RVG) or prosthetic graft invariably poly-
tetrafluoroethylene (PTFE) (see Table 3). There were
no significant differences between groups in terms
of level of graft or material used. Patients undergoing
subintimal angioplasty for superficial femoral artery
(SFA) occlusions went on to have an infragenicular
graft in14 cases. In 4 cases, subintimal angioplasty
for ‘run off’ vessel occlusions in association with
SFA occlusions resulted in successful grafting to the
above knee popliteal.
There were 7 patients who underwent subintimal
angioplasty for ‘long’ SFA occlusions and of these,
4 went on to require infragenicular bypass grafts
(57%). Of the 36 patients undergoing subintimal angio-
plasty for ‘short’ SFA occlusions, only 10 required
below knee grafts (28%). Although this would seem to
suggest that the outcome following subintimal angio-
plasty for long occlusions is worse than that for short
occlusions, 2 of the 4 patients with ‘long’ occlusions
were known to have distal ‘run off’ vessel disease.
Therefore, only 2 of the 7 patients who had subintimal
angioplasty for long SFA occlusions required below
knee grafts without underlying disease at or below
the knee (29%). This is in keeping with the group
who had ‘short’ SFA occlusions.
There was no significant difference between those
patients who failed angioplasty and the other groups
combined in terms of primary patency or survival at
either time point. Twelve month patency was 61.2%
in group 3 vs 60.6% in groups 1,2&4 (P¼ 1.11) and
12 month survival was 74.2% in group 3 vs 77.3% in
groups 1,&4 (P¼ 0.743) Tables 4a and 4b. Sixty month
patency was 50% in group 3 vs 40.6% in groups 1,2&4
(P¼ 0.256) and 60 month survival was 33.3% in group
3 vs 35.4% in groups 1,2&4 (P¼ 0.881) Tables 5a and
5b. Survival and patency curves were constructed
and are given in Figs. 1 and 2. Log rank tests were
performed at 12 and 60 months for both patency
and survival and are given in Tables 6a and 6b.
There were 11 (26%) patients in group 1, 12 (20%) in
group 2, 13 (20%) in group 3 and 2 (5%) in group 4
who went on to undergo below knee amputation at
Table 3. Graft material and level
Group AKFP(%) BKFP(%) FD(%) ISVG(%) RVG(%) PTFE(%)
1 10 (24) 16 (38) 15 (36) 16 (38) 15 (36) 9 (21)
2 24 (40) 19 (32) 15 (25) 12 (20) 23 (38) 22 (37)
3 16 (24) 23 (35) 27 (41) 19 (29) 33 (50) 13 (20)
4 10 (25) 21 (48) 8 (20) 8 (20) 23 (58) 8 (20)
Where AKFP¼ above knee femoropopliteal graft, BKFP¼ below
knee femoropopliteal graft, FD¼ femorodistal graft, ISVG¼ in situ
vein graft, RVG¼ reversed vein graft and PTFE¼ prosthetic graft.0.5 months, 14 months, 30 months and 24 months
post-operatively (median time point) respectively. In
the failed angioplasty group, 3 patients underwent
amputation following a more distal graft as a result
of angioplasty at a median time point of 6 months
after surgery.
Of the seven patients who underwent bypass as an
emergency procedure following distal embolisation
during attempted angioplasty, two patients had suc-
cessful procedures with no post operative complica-
tions; their primary patencies were 87 months and 79
months. Three patients had fasciotomies performed
during the surgery in order to prevent a compartment
syndrome. Of these three patients, one died at 10
months of an unrelated cause with a functioning graft.
The other two had primary patencies of 12 months
and 14 months with a primary assisted patency of 19
months in the latter case (each was functioning at the
end of the study follow up period). Two patients had
grafts which failed, one during the first post-operative
day requiring a below knee amputation 2 weeks later,
and the other requiring amputation at 1 month. One
patient developed a chest infection and one patient
had an episode of acute left ventricular failure; both
of these complications responded to medical treat-
ment. There were no perioperative deaths in this
group of patients.
Discussion
We reviewed all cases of infrainguinal bypass at out
centre over a seven year period in order to compare
the outcome following failed angioplasty with out-
come following surgery for another indication. This
time period was chosen as it was felt to be representa-
tive of current practice in the management of lower
Table 4a. 12 month percentage patency and survival
Group Primary
patency
Secondary
patency
Survival Censored
1 (n¼ 42) 53% (17/32) 72% (23/32) 76% 24% (10/42)
2 (n¼ 60) 50% (23/46) 83% (38/46) 73% 23% (14/60)
3 (n¼ 66) 61% (30/49) 84% (41/49) 74% 26% (17/66)
4 (n¼ 40) 79% (26/33) 94% (31/33) 83% 18% (7/40)
Table 4b. 60 month percentage patency and survival
Group Primary
patency
Secondary
patency
Survival Censored
1 (n¼ 42) 45% (5/11) 45% (5/11) 26% 74% (31/42)
2 (n¼ 60) 27% (7/26) 58% (15/26) 45% 57% (34/60)
3 (n¼ 66) 50% (11/22) 73% (16/22) 33% 67% (44/66)
4 (n¼ 40) 50% (6/12) 67% (8/12) 35% 70% (28/40)Eur J Vasc Endovasc Surg Vol 34, July 2007
32 R. M. Sandford et al.limb ischaemia. There were some limitations to this
study. Firstly, data were collected retrospectively and
missing notes/information may have reduced the
sensitivity of the study. In addition, data were not
available regarding patients who underwent unsuc-
cessful angioplasty but did not undergo bypass sur-
gery, thus preventing analysis of surgical outcome
with a matched control group. However, in spite of
these limitations, some valid conclusions may be
drawn.
The failed angioplasty group included a mixed
group in terms of clinical presentation, pattern and
level of disease and type of angioplasty performed.
However, in this series, patency and survival fol-
lowing IIB amongst the failed angioplasty group
were comparable with those following bypass for
another indication at both 12 and 60 month follow
up. The level of graft performed may have been
adversely affected by subintimal angioplasty in 14
cases, and positively affected in 4 cases, but the
patency and limb salvage rates were not affected
by this.
The use of angioplasty in the management of lower
limb ischaemia has become standard practice in our
centre over the last decade. Although in general de-
bate may exist between surgeons and radiologists over
the suitability of cases,11,12 significant success has been
demonstrated particularly with short superficial femo-
ral artery stenoses.9 There are reports, in fact, of com-
parable patencies and limb salvage rates between
groups treated with angioplasty and those treated
with surgery.13
There are however, some limitations to the use of
angioplasty. Firstly there is a recognised associated
Table 5a. Survival Table for Survival
Group No. at
risk
12/12
Cum.
Surv.
12/12
Std.
Error
12/12
No. at
risk
60/12
Cum.
Surv.
60/12
Std.
Error
60/12
1, 2 & 4 122 0.65 0.03 62 0.16 0.02
3 62 0.57 0.05 35 0.15 0.03
Where No. at risk¼ number of patients at risk; Cum.
Surv.¼ cumulative survival; and Std.Error¼ Standard Error.
Table 5b. Survival Table for Patency
Group No. at
risk
12/12
Cum.
Surv.
12/12
Std.
Error
12/12
No. at
risk
60/12
Cum.
Surv.
60/12
Std.
Error
60/12
1, 2 &4 110 0.76 0.03 47 0.39 0.05
3 49 0.69 0.05 22 0.45 0.07
Where No. at risk¼ number of patients at risk; Cum.
Surv.¼ cumulative survival; and Std.Error¼ Standard Error.Eur J Vasc Endovasc Surg Vol 34, July 2007complication rate of up to 5% including puncture
site problems such as haematoma or false aneurysm,
but also distal embolisation and limb loss. Secondly,
a number (in the region of 10%) of plastied segments
do re-occlude over time, often necessitating further in-
tervention.14 Finally, a small proportion of attempts at
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Fig. 1. (a) Survival at 12 months. (b) Survival at 60 months.
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Fig. 2. (a) Patency at 12 months. (b) Patency at 60 months.
Table 6a. Log rank tests of patency and survival at 12 months
Group Number
still
patent
(%)
Log
rank
statistic
Significance Number
still
alive
(%)
Log
rank
statistic
Significance
1,2&4 110 (77) 1.21 0.27 122 (86) 3.74 0.05
3 49 (74) 62 (94)angioplasty are technically unsuccessful. Reported
figures are in the region of 10e15%.8,9
In cases where angioplasty has failed, there are no
clear guidelines for the subsequent management of
the patient. Although prior attempt at angioplasty
has not been shown to adversely affect any later at-
tempt at surgical reconstruction,8 it may be that failed
angioplasty is representative of severity of underlying
vascular disease and therefore a poor prognostic fac-
tor for surgery.
This study supports the use of lower limb vascular
reconstruction using bypass grafting where angio-
plasty has failed. Although this group of patients
could be considered as ‘high risk’, long term patency
and survival is acceptable and comparable with by-
pass performed for other indications.
References
1 KREIENBERG PB, DARLING C, CHANG BB, CHAMPAGNE BJ, PATY PS,
RODDY SP et al. Early results of a prospective randomized trial
of spliced vein versus polytetrafluoroethylene graft with a distal
vein cuff for limb-threatening ischaemia. JVS 2002;35:299e306.
2 ALBERS M, BATTISTELLA VM, ROMITI M, RODRIGUES AA, PEREIRA AC.
Meta-analysis of polytetrafluoroethylene bypass grafts to infra-
popliteal arteries. JVS 2003;37:1263e1269.
3 KLINKERT P, POST PN, BRESLAU PJ, VAN BOCKEL JH. Saphenous vein
versus PTFE for above knee femoropopliteal bypass. A review of
the literature. EJVES 2004;27:357e362.
4 GOSHIMA KR, MILLS JL, HUGHES JD. A new look at outcomes after
infrainguinal bypass surgery: traditional reporting standards
systematically underestimate the expenditure of effort required
to attain limb salvage. JVS 2004;39:330e335.
5 LOFTUS IM, REID A, THOMPSON MM, LONDON NJM, BELL PRF,
NAYLOR AR. The increasing workload required to maintain in-
frainguinal bypass graft patency. EJVES 1998;15:337e341.
6 HO GH, MOLL RP, NOLTHENIUS T, VAN DEN BERG JC,
OVERTOOM TTHC. Endovascular femoropopliteal bypass com-
bined with remote endarterectomy in SFA occlusive disease:
initial experience. EJVES 2000;19:27e34.
7 TISI PV, COWAN AR, MORRIS GE. Endoluminal femoropopliteal by-
pass for intermittent claudication. EJVES 2000;19:481e488.
8 FLORENES T, BAY D, SANDBAEK T, SAETRE T, JORGENSEN JJ,
SLAGSVOLD CE et al. Subintimal angioplasty in the treatment of
patients with intermittent claudication: long term results. EJVES
2004;28:645e650.
9 TISI PV, MIRNEZAMI A, BAKER S, TAWN J, PARVIN SD, DARKE SG et al.
Role of subintimal angioplasty in the treatment of chronic lower
limb ischaemia. EJVES 2002;24:417e422.
Table 6b. Log rank tests of patency and survival at 60 months
Group Number
still
patent
(%)
Log
rank
statistic
Significance Number
still
alive
(%)
Log
rank
statistic
Significance
1,2&4 47 (33) 0.04 0.84 62 (44) 2.76 0.10
3 22 (33) 35 (53)Eur J Vasc Endovasc Surg Vol 34, July 2007
34 R. M. Sandford et al.10 AXISA B, FISHWICK G, BOLIA A, THOMPSON MM, LONDON NJ, BELL PR
et al. Complications following peripheral angioplasty. Ann R Coll
Surg Engl 2002;84(1):39e42.
11 BRADBURYAW, BELL J, LEE AJ, PRESCOTT RJ, GILLESPIE I, STANSBY G et al.
Bypass or angioplasty for severe limb ischaemia? ADelphi consen-
sus study. EJVES 2002;24:411e416.
12 BRADBURYA, WILMINK T, LEE AJ, BELL J, PRESCOTT R, GILLESPIE I et al.
Bypass versus angioplasty to treat severe limb ischaemia: factors
that affect treatment preferences of UK surgeons and interven-
tional radiologists. JVS 2004;39:1026e1032.Eur J Vasc Endovasc Surg Vol 34, July 200713 NASR MK, MCCARTHY RJ, HARDMAN J, CHALMERS A, HORROCKS M.
The increasing role of percutaneous transluminal angioplasty
in the primary management of critical limb ischaemia. EJVES
2002;23:398e403.
14 LONDON NJM, VARTY K, SAYERS RD, THOMPSON MM, BELL PRF,
BOLIA A. Percutaneous transluminal angioplasty for lower limb
critical ischaemia. BJS 1995;82(9):1232e1235.
Accepted 23 January 2007
Available online 3 April 2007
